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@ Improved method of producing treated silica filler for silicone rubber. 

(a) An Improved method of producing treated silica filier for 
^e with silicone rubber operates at ambient temperature in a 
short period of time. The method consists essentially of mixing 
reinforcing silica with a volatile treating agent of the formula 
RxS-(OR')4-5t, wherein R Is a substituted or unsubstituted. 
saturated or unsaturated, alky! or aryl radical having from 1 to 6 
carbon atoms, R' is an aH<yl radical having from 1 to 3 carbon 
atoms, X Is 1 or 2 and R and R' are chosen so that the vapor 
pressure of the allcoxysilane exceeds 0.005 atmosphere at 
treatment temperature, in combination with a volatile catalyst 
selected from the group consisting of acid A. base B and 
mbctures thereof: wherein acid A Is a volatile acid or acid 
progenitor and base B is a silyiamlne or sllazane. acid A and 
base B being chosen so that the vapor pressure of either acid A 
or base B exceeds 0,005 atmosphere at treatment temperature, 
for a period of time sufficient to allow the desired amount of 
treating agent to be adsorbed onto the surface of the 
particulate filler. 
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propyl radicals Preferred treating agents are MeSi(0Me)3 (methyltrimethoxysilane) and lw1e2Si(OMe)2 
(dimethyldimethoxysilane). Mixtures of treating agents can also be used. The preferred treating agents can be 
used at room temperature since their vapor pressures are 0.035 and 0.064 atmosphere at 20 C. respectively 
for MeSi(0Me)3 (methyltrimethoxysilane) and Me2Si(OMe)2 (dimethyldimethoxysilane). 

The amount of treating agent used can vary from 3 to 30 parts by weight, based upon 100 parts by weight of 
the filler For fumed silica as the filler, a preferred amount is from 5 to 20 parts by weight. The optimum amount 
of treating agent used is determined as follows. The selected filler is treated with a range of amounts of treating 
agent as well as a range of catalyst amounts. The treated filler samples are then used to prepare samples of 
^e desired final product and the properties of the final product are evaluated. A comparison of the resulting 
properties indicates the optimum level of treating agent and catalyst to use in that particular instance. The 
examples of this application show such procedures. Filler treated according to this invention shows lower 
power requirements for mixing filler into high viscosity polymer, lower mill softening times, a less tacky 
compound, lower Williams Plasticity Number and Recovery and improved properties of a cured silicone rubber 
when the filler is used in a curable composition. In the case of high consistency silicone rubber stocks, an 
additional benefit is seen in the fact that a given durometer cured rubber can be produced vwth significantly IS 
lower fumed silica content, resulting in a more economical product than can be produced when usuig 

"'SeSatlent of the reinforcing silica filler surface is catalyzed by from 0.001 to 5.0 parts by weight of a 
volatile catalyst, based upon 100 parts by weight of reinforcing silica filler. A preferred amount is from 0.001 
to 2 parts The volatile catalyst is selected from the group consisting of add A. base B and mixtures thereof; 20 
wherein acid A is a volatile acid or acid progenitor and base 8 Is a silylamine or silazane, acid A and base B 
being chosen so that the vapor pressure of either acid A or base B exceeds 0.005 atmosphere at treatment 
temperature. A volatile acid or base is defined as that having the required vapor pressure. The acid A can be 
any acW or acid progenitor having the required volatility, preferred are catalysts selected from the group 
consisting of hydrogen chloride (HQ), hydrogen bromide (HBr). methyltrichlorosilane . , ^ ^ . ^ 

(MeSICb) and dimethyldichlorosiiane (MeaSia2). An add progenitor is defined as a matenal that gives an 
add when It contacts water or water vapor. Most preferred are methyltrichlorosilane and dimethyldichlorosi- 
iane The base B can be a silylamine or silazane selected from the group consisting of (R 3S1 JaNH. 
fR"9Sn9NH R"3SiNR"2 and R"3SiNHR". where R" is the same as R' and is an alkyi radical having from 1 to 3 
carbon atoms. Most preferred is hexamethyldisilazane (Me3Si)2NH. Mixtures of catalysts can also be used. 30 
The most preferred catalysts can be used at room temperature because their vapor pressures at 20 C. are 
0.18 atmosphere for methyltrichlorosilane, 0.15 atmosphere for dimethyldichlorosiiane, 0.25 atmosphere for 
trimethylchlorosilane and 0.026 atmosphere for hexamethyldisilazane. ,o.„:,«»n« 

The acid (A) and base (B) are well known materials as to the means of manufacture. The base (B) silazanes 
can also be produced by an in situ process where, for example, a chlorosilane, such as dimethyldichlorosiiane, 3S 
and an amine, such as ammonia, are added to the filler and allowed to react to give a silazane. 

The method of this invention makes use of a gaseous treatment of the particulate filler. The treating agent 
and the catalyst are both of sufficient volatility at the treatment temperature to create an atmosphere in the 
treating chamber which contains sufficient treating agent and catalyst to treat the filler surfacejhe prefen-ed 
method of treatment stirs the filler in a container whose contents can be agitated and purged with an inert gas. 40 
The effect can be obtained by circulating a gas through the bed at a sufficient rate to fluidize the filler or 
through rapid stirring or tumbling. The treating agent and catalyst are added to the container so that ttiey are 
vapoitaed and deposited upon the filler surface. The temperature at which the treatment takes place is 
determined by the treating agent and catalyst used. When methyltrimethoxysilane and/or dimethyldirnethoxy- 
sllane are used as treating agent with methyltrichlorosilane, dimethyldichlorosiiane and/or hexamethyldisila- 
zane used as catalyst, the treatment occurs very successfully at room temperature, defined herein as 10 C. to 
30»C in a period of time from about 3 to 10 minutes. If a higher boiling treating agent, such as 
diphenyldimethoxysllane. Is used, the treatment temperature must be raised so that the <5oncentrajo^ of 
treating agent in the fluidized bed Is sufficient to adequately treat the filler. An upper temperature of 130 C. is 
sufficient when using the treating agents and catalyst specified in this invention. . ^ ^ 

The treating agent and catalyst can be added to the mixing chamber in any order, but the preferred order is 
first adding the filler and fluidlzing it, then adding the catalyst to give an activated filler surface, then adding the 

*™lt is"So?new8sary to further process the treated filler after the method of this invention to remove excess 
reactants, because only an amount of the catalyst and treating agent are added to the mixture at the time of the 55 
treatment process to give the desired properties. The small amounts of treating agent and catalyst used and 
the short time of treatment gives a treated filler with a minimum cost^ 

The usefulness and uniqueness of the filler resulting fi-om the method of this invention can be showr^ by 
adding it to polydiorganosiloxane and comparing the product resulting (herein referred to as a base) with a 
simil^ product produced with untreated filler or filler not treated In accordance with this invention. The 60 
simplest comparison is done by mixing 30 parts by weight of filler Into a PO'ydimettiylsHoxane havirig a^^^^ 
of about 25,000 Pa.s (Williams Plasticity Number of about 150) and measuring the Williams RMtlclty Number 
initiaily and over a period of time. A description of this plasticity test is found in ASTM D-926. Bnefly a piece ctf 
base weighing approximately 2 times the specific gravity is rolled into a ball and allowed to sit for 1 hour. It is 
then plawd between two parallel plates In a Plastometer whidn applies a load to the sample, causing it to flow. 
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having a lower final Haake torque, shorter mill softening time and lower plasticity and recovery. It also can be 
seen In a lower Shore A durometer, a higher elongation and lower modulus. 
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Example 2 

This example shows small amounts of hexamethyldisilazane catalyze the treatment of fumed silica with 
methyttrimethoxysilane. It also shows the same level of silazane alone is ineffective in sufficiently treating the 
silica so that it can be used as a reinforcing filler. 

A series of treated fumed silicas were prepared by fluidizing 125 g of fume silica of Example 1. then adding 
the amount of hexamethyldisilazane shown in Table II and mixing for 3 minutes. Then the amount of 
methyltrimethoxysllane shown In Table 11 was added and mixing continued for 3 minutes, at which time the 
mixer was turned off. The first 4 runs show the effect of increasing amounts of hexamethyldisilazane catalyst. 
Run 5 Is a comparative example using only hexamethyldisilazane. Runs 6 through 9 are the same ratio of 
catalyst to treating agent, increasing the amounts used. 

Each of the treated silicas from the above runs were evaluated as a reinforcing filler by compounding the 
treated filler at a loading of 30 parts per 100 parts of the gum described in Example 1 . The evaluation was done 
in the manner as described In the same example. 

A comparison of the torque data from bases compounded from runs 1-5 is included along wth the mill 
softening time. Williams Plasticity and cured elastomer properties In Table II. Comparison of the torque data 
shows hexamethyldisilazane used by Itself at 5 g per 125 g fume silica did not treat the filler sufficiently to be 
useful as a reinforcing filler, as the base crumbled in the mixer during compounding. A comparison of runs 1-4 
with the comparative run using only methyttrimethoxysilane shows hexamethyldisilazane catalyzes the filler 
treatment as can be seen by the lower torque. There was a decrease in the torque (less energy used) which 
corresponds with an Increase in the level of hexamethyldisilazane. A similar trend is seen in the comparison of 
bases compounded with the treated filler from runs 6-9. In this case the amount of hexamethyldisilazane and 
methyltrimethoxysllane was increased, but the ratio of catalyst to treating agent was kept constant. The same 
trend In the shorter mill softening times and lower plasticity and recovery can be seen. The recovery is the 
amount the sample recovers after It has been under stress in the Williams Plastometer for the 3 minute test 
time and allowed to set without stress for one minute. A lower durometer with a higher elongation and lower 
modulus also corresponds with a higher level of catalyst or both catalyst and treating agent, as is the case for 
runs 6-9. This data Indicates the treatment improves with an increase in catalyst or catalyst and treating agent. 
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methyltrimethoxysilane a^d 0.02 gram ^^^^p,^ ^ ^ 

blender was then turned off. j„,orcing filler in the same met without any 


'5 Table VIII 

Untreated Treated Filler 
Filler 

Mill Softening 
Ttme.seconds 

Williams 
Plasticity 
25 Number 

310 


30 vViiliams 
Plasticity, 
Recovery 


Initial 18 
35 After 1 week ^ ^ 

After 1 month 
Property after 
Cure 

Durometer. 

Shore A 3 73 

Tensile ^'^^ 
Strength, mPa ^54 
Elongation. 

45 percent 2.76 
2000/0 ^•'^^ 
Modulus. mPa 


40 


272 


initial 

After 1 week 373 

After 1 month 401 ^ 


13 


48 


50 


55 


60 


65 


Heat Age. 



70 hr/225^C. 



Durometer, 

48 

45 

Shore A 


-3 

Durometer 

-4 


Change 

4.14 

2.90 

Tensile 


Strength, mPa 

-13 

-22 

Tensile % 

Change 

267 

217 

Elongation, 


percent 
Elongation Vo 

-1 

-15 

change 
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Claims 


1 A method of rapidly treating the surface of reinforcing silica filler consisting essentially of mixing, at a 
temperature of from about -10 to 130**C..(A) 100 parts by weight of reinforcing silica filler, having a 
surface area of greater than 50 m2/g and having from 0.5 to 6 parts by weight of absorbed moisture. 

(B) from 3 to 30 parts by weight of volatile treating agent of the formula RxSi(0R')4-x. wherein R is a 
substituted or unsubstrtuted, saturated or unsaturated, alkyi or aiyl radical having from 1 to 6 carbon 10 
atoms R' is an alky! radical having from 1 to 3 carbon atoms, x is 1 or 2 and R and R' are chosen so that 

the vapor pressure of the alkoxysilane exceeds 0.005 atmosphere at treatment temperature. 

(C) from 0 001 to 5.0 parts by weight of volatile catalyst selected from the group consisting of acid A, base 
B and mixtures thereof, wherein acid A is a volatile acid or acid progenitor and base B is a silylamine or 
sllazane acid A and base B being chosen so that the vapor pressure of either add A or base B exceeds 15 
0.005 atmosphere at treatment temperature, for a period of time sufficient to allow the desired amount of 
treating agent to be adsorbed onto the surface of the particulate filler. 

to yield a filler which requires a minimum of energy to disperse rapidly into polydiorganosiloxane and 
which gives improved properties to cured silicone elastomers. . «„^,u^*«,^ on 

2. The method of claim 1 in which the volatile catalyst is admixed with the reinforcing silica filler before 20 
the mixing of the volatile treating agent. 

3 The treated silica produced by the method of claim 1 . 

4 Silicone elastomer containing treated silica filler produced by the metfiod of claim 1. 
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